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1. lNTRO”“CT,ON 

oftentimes. a new idea invites L-esistance. so it was with gauge 

theories of weak and electromagnetic interactions. * The idea Of neutral 

C”rre”t. whose eXL.ite”Ce had been speculated upon for “early 15 year-s. 

and the existence Of a fO”rth type Of q”ark WlliCh was necessitated by 

phenomenology m a panicu1ar throreticll framrwork.were reSisted by 

mmy. The discoveries Of a series Of new particles not Only demolishrd 

this res,itmce. il”l liberated sorne theOrlsts fro”. the ecorrorny Ol having 

to do with as few a “umber of basic COnStitUentS 01 matter as possible. 

Roughly this is the Situatio” with regard to model buildrng m gauge 

theOPieS of weak and electmmagnetic interactions in recent mmths. 

Professor riarari described the Situation very lucidly in his talk, and 

gave also a very r.ice introducrion to the subject 1 shall adr’ :s9 in this 

sessio”. 1 would concur with him that there does not seem to be e”ough 

justification. based onphen~nenolopy alone at this time. for postulating 

so many quarks and heavy leptons. cm the other hand. some Of the 

nmtivations for prolikrating the number Of quarks and ,rptons are more 

theorelical than phenomenological. and have to do with aesthetiCs Of the 

theory. and with the desire lo improve our ““dersianding Of non,eptonic 

weak interactions. Such speculations on more q”arhs and ,eptons are 

both healthy and desirable. 
I$$$+[= 5% . 

However. the conventiona, (V-A). ,“-A, theory gives, Ior ( ASI = 1 
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In the ronvcntiormi theory based on charged V-A currents. the 

octet part al tile parity-“idating non1eptonic u,cak interartions trans1omls 

Iike *6: 

p. ‘V-4; *s;*,,p,“. = lsypY5ull&31 

+ GY~“~GYVY5d) + il.=. . 

2.3. wllat Happens in the Minimal Gauge Theory? 

WC dcIi”e the rni”i”ld theory a.3 the gauge thrOPy 01 wea!% ad 

electromagnetic interactions based on the minimal group SU(Z) x u(i]4*5*6 

which accommodates neutral C”rPe”t, and based on the minima* “umber 

Of “avers. four. including charm. 7. 8 

ThP situations with regard to the AI=i/z m1e and the prvcess 

Tao currents can interact with each other via. e.g.. color g1uon 

excha”ge. This SitUatio” can modily the behavior 01 the product Of two 

currents: roughly 
10 

(jp(x)j ;oj interacting theory 
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There gtp, is the running coupling constant, &I is the running mass scale 

int reduced LO define the Subtraction convention Of the operabx product 

(jJO)jJOl) free quark model . and b in a numerical constant. 

For an octet combination of j,(x) j”(O). the exponent y turns 

out to be positive. 0.48 in the SUL3~ gauge theory Of color ghms. whereas 

Ior another octet and 27 combinations. y is negative. -0.28. Thus, the 

effectiw weak Hamiltonian t-2 the h-m 

various arguments based on the quark model. duality and PCAC suggest. 

wlat is needed, I think, is a careI” calculation Of mah-ix eIeme”ts Of 

the product cd two currents. where low 1requency ,or long distance, 

contributions are estimated by insertting the know” hadrun spectrum 

between the two currents and high 1requency COntribUtioM by the, 

renormalization group argument. 

The short-distance enhancement is much bigger Ior the prodUCt 

or “-A and “+A currents. %6.1, and iI there are more quarks in the color 

g1uon theory. 
3, 

2.5 Charmed Particle *eciye 

In the minima1 theory the decays 01 charmed particks are 

mediated by the piece Of the weak Hamiltonian 

lr5@t51sp = 1 @ 20 @ 84 @ lss 

AC =o 8 8.2, 

S”(3) decomposition 

I IACI = 3 6.Z 35,13,--. 
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In iact. if there is no selective enhancement of a particular 

channel. re can estimate the branching ratio into p + anything by a simple 

counttng argument based on quark diagrams: 

,-,charm - p + anythi”~, 
r,clIarm -a,,1 -& = *I% 
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* - Gp* A I OF (G,bf - 2 ,) 

-G&g”. 

mom the observed KLKS mass difference. it is possible to fiNI a bound 

0” me. 

3. 2 _K>K Mass Difference 

In the free quark mode,. the K0 - K0 transition ia described by 

Fig. L on Obtains 28.29 

- = 2 * (-$; Bw ,‘c.2 Bc sin2 Be Y-S 
% 

X<K”l [dYp(&j I K”> . 

mc II I.5 to a few Ge”. 
s 
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One might qveetion whether one can evaluate the contribution 

rrom IWy)/2 ,z+*)/Z 1 - ilIne assuming this distance is “short” 

on the scale of uncharmed hadrons. but it might be justified a posteriori 

by the observed lcalhg below charm threshold. In any case the net 
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result is that the effects Ol strong interactiom make a negligible diirrerence 

with respect to the free quark model calculation. 

1.1 tc* 

FOP this process we examine the quad process 2 + 8 - p l ; 

There are tuo classes Of diagram.3 depicted in F‘ig. 3. Each class goes 

as GF n (mcl 38 GeVIZ !n lm Jm,,. A remarkable feature of this 

calc”lalion is that the leading Logarithmic tenTIs in the two classes came,. 28 

Recently a number Of auulors 3’-34 have repeated the calculation Of Gaillard 

an.3 Lee, 28 and found an error in the original calculation. me corrected 

exoression is 
* z 

iT,KL -per I % mc 2 cos ec sin B 
4” c 

x <KLIGpY5)S +BypY51d10>;y~y5p . 

d 
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dominant mechanism Ior KL - p; is the conventiona, one: L8 
5- 

(2 virtual “‘S) - r; . 

4. MODEL BUILDING’5-‘9 

4.1 Motivations for v+.4 Currents and More Quarks 

A. Product “I v+.4 and V-A currents may produce terms a* the 

h-m 

sy,l’+Y5)Q~ypli-y51d l lLc., 

or 

where Q stands for a new. heavy quark. 35.16 The parity “Mating 

part of the above interactions transforms like h ,. There is the” no 

Longer the difficulty with toe KS - n” decay. 

B. The above interactions are automaticany octet under the 

ordinary flavor SU(1). since Q is a singlet. As mentioned before. the 

product Of “-A and “+A c”r‘-e”l* sLaers bigger short-distance 

enhancement. 36 Further it is possible to arrange the model 80 that the 

strangeness-changing IV-A, x (“IA, interaction is not C?.bibbO suppressed. 

If the IV-AI x tV+A) term dominates “Yer wd, the octet rule follows. 

“ouluever. there is a caveat. The above interactions may be 

rearranged to read 

In a naive quar!i model. matrir elements of tile at.cme operators are 

expected to be small since ordinary hadrons contain very fe-u Q and 6 

quarks. A” effective operator such as s 0 h Ii z y5) d. E’“* vhere 
PV’ 

GNU is the color @“on field stre”@h. as rni@~t arise from the Q-quai+ loop. 

has a very small coefficient in an asynptoticauy free gauge theory. 36 

Suffice it ta say that whether the (V+A). (V-A) interaction Of the usual 

strength prnduces nonkptonic weak interactions Of the observed magnitudes 

remains controversial; I express my reservations. 

c. There are also phe”ome”ological considerations. e.g. , anomaly 

in the y-distribution in a”ti”e”trhoS deep inelastic scattering: altering 

ule charm particle decay scheme 35 (I.%. if charmed particle decays 

are dominantly mediated by e.g.. G yp+y5M ~&i-“,,u. thenthere 

Will be almost no strangeness carrying final states in these decays ); 

dimuon events. As we Ilaw heard from Professor wnuenstein toclay, 

the dimuo” events Of opposite charges may very well be explainable in 

terms Of the minimal theory provided that charmed particles have - rc% 

branching ratio into “I”“” channels ci. e. , p + Y + anything). 

me dimuon events af the same sign are more problematic: 

whether they can be explained in terms Of associated prcKJ”ctio” o* charmed 

pairs need to be examined. eYe” though I would think so. A” alternative 

explanation proposed35 ie a large amO”“l Of DOiS u, - D%:;) mixing. 

AS in neutral K decays we write the 2 x * complex “lass matrix ill the 

DODO basis 
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- _ 
= ypd+ v,)Q6 y%*y5)d . (4. L. 1) 

In addition there is the Co""entional W-A? term which i6 a mixture Of 

8 and 7. If the former dominates eve= the latter. one has an approximate 

octet rule. 

Let Q' and Q: be isos@, and aria, isospin charges. Then 

IQ’;Q:.H~I=+)~~o 14. z. 2) 

depending on whether the dominant hl = 112 term (4.2. I) contains the 

right- or left-handed chiral d-quark. but 

IQ'+Q', "#I = f 11 = 0 (4.2.3) 

always. bet?.".% Ihe .2* i 312 part co"le4 from the (\~-A)z term. 

which sign in Eq. (4.2. 2) does "at"re choose? It can be checked 

by comparing the amplitudes for K - 3n and K - 2" in a soft pion ,*"a. 

using PCAC. The point is that 
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+“‘IHwIAl = ;,I+ 

&<<L”, [Q~.H#*=$J~~ 

= * < <z” 1 p. Hw@I = $13 1 K> 

dcpendi”g on which sign is chosen in Eq. 0.2.2,. but we have always 

<Zlr.“~(HiVW .;,IK>sti -e -+I [Q'.Ii,(aI = ;I] I+ , 

and one know9 the relative signs of the &I = 112 and 3, L amplitudes in 

the Kf 2" and - 3" &cays. 

Recently, Golowich and Holstein 42 carried O"t a careful 

phenomenological analysis, and found that the dominant AI = $12 part 

commutes with Qi + Q;, i. P., if :t is Of the form Of (4. 2. 1). it contains 

the left-handed chiral d-quark and right-handed &iral *-Ipar!%. 

4.3 MD&d Ior Quarks 

(J. (:,I L , (::I; (:-J , 13 . 0 L R R R 

Here. we ignore the possibilities Ol small admixtures such as 

EL - c COLl .a + “’ sin .a, etc. This mode, is ident,ca, to “ara~i’s scheme 

in ,and only in 1 the quark content4 

A. The short-distance enhanced part Of nonkptonic weak ioter- 

actions comes from the term 

sin ac ; Y’ll+y51c i yv,i-y5, d . (4.3.11 

( me enhancement factor for this term is 36 

~+K&“~J*~‘~‘) 
EYen though Cabibbo suppressed. this term is perhaps more than enovgh 

to account for the required enhancement on short-distance behavior. The 

c. In this model, the dominant high frequency contribution to 
the KLFS m?.ss difference arises from the diagram in Fig’. 1. 

c---- .__~ -a;--- 
CL CL 

St2 a 
CR CR 

St7 . . 
Fig. 1. 

The process 9 * d ^ s + d in a vector-like six quark model: crosses denote 

charmed-quark mass insertions. 
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me diagram is or older 

GF -(-,z Bw )‘cos Bc sin BE tn (2) 

(Yi, i 
“I. 
i ’ lJ I. (:I: (Ph. iy 0 kjR . 

M the three neutral right-handed chiral leptons. Me. Mp and ML. 11 

least two must be Majorana neutrals. 

A. If Me contains a Majorarm neutral M, : 
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tde=coapiM1+... , 

there is a disasterous consequence: lepto” “umber is not conserved. 

and we would have ““clear double p-decays: 

A-B+e++e- . 

I” Iact Ihe upper Lm”“d on the rate of a ““clcx double wecay places 

a lower bound on the mass Of Me: 

M e > co9 p x 12 f&V, 

(S. P. Rosen. et al-). 

B. If Me and Mp are some combinations of Majoram neutrals. 

the” the following processes are allowed in seccd order: 8 - “: + 

,‘+.‘I,* +e*. p* + II*). 

c. If ML is massive but lighter than I,- and VL massless. ML 

decays radiatively. see Fig. 5.) me decay rate can be read Off the 

Fig. 5. 

A diagram for the decay ML - y + y. 
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calculations “f Shrock44 and Smith et al., 45 
on a similar process in 

the chorgi-Gladm* mode,: 

T,ML - YL + y, = * ($f e m(MLlm(L-) ’ mlMLl 

i. e. , 

T(ML) I so-10 set if m(MLl,m(L-J = z oev. 

1,. suppose we arrange the “lasses Of heavy ,eptans so that the 

mu,tip,et* are 

and m(Lol < mILeI. mlM2). Then the neutral heavy lepton Lo is stable 

in Lowest older. It can decay in second order. 46 through diagrams. 

-1 hadrons and/or leptons 

However, as Professor Perkins discussed. evidence for the existence or 

a very long-Lived neutral lleaq *epton is not very strong. 

Fig. 6. 
A d**gram for Lo eeag. 
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